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(54) Signal processing apparatus for a stereoscopic display 



(57) The present invention relates to a signal 
processing apparatus comprising first and second sig- 
nal processing means (5R, 5L) for respectively convert- 
ing a first video signal and a second video signal Into 
first and second converted video signals capable of 
being displayed; first display means (6R) for displaying 
the first converted video signal at a position capable of 
being seen solely by an observer's right eye; and sec- 
ond display means (6L) for displaying the second con- 
verted video signal at a position capable of being seen 
solely by the observer's left eye f which is characterized 
by first switching means (2R) for selectively supplying 
the first video signal via said first and/or second signal 
processing means to 6akJ first or second signal display 
means; second switching means (2L) for selectively 
supplying the second video signal via said first and/or 
second signal processing means to said first or second 
signal display means; and control means (110, 111) for 
controlling said f rst and second switching means so as 
to be switched to any of at least two modes of four 
modes, bald four modes being: a first display mode for 
displaying the first converted video signal on said first 
display means and the second converted video signal 
on said second display means; a second display mode 
for displaying the first converted video signal on said 
second display means and the second converted video 
signal on said first display means; a third display mode 



for displaying the first converted video signal on said 
first and second display means; and a fourth display 
mode for displaying the second converted video signal 
on said first and second display means. 

FIG. 4 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to an image signal process- 
ing apparatus for displaying an image. More particularly, 
the invention relates to a signal processing apparatus 
for displaying signals from two signal sources on each 
of two display units. 

Pescription of the Related Art 

When video information is displayed on a display 
device such as a liquid-crystal display (referred to as an 
"LCD" hereinafter), it is necessary to prevent a residual 
image caused by DC components in the video signal. In 
the prior art, this is accomplished by using a method in 
which the polarity of the video signal is reversed at fixed 
periods. 

Further, head-mounted displays worn by an 
observer have been proposed in which two LCDs are 
used and video information for the left and right eyes of 
the observer is displayed on respective ones of the 
LCDs. When two LCDs are used, however, it is neces- 
sary that the video signal be reversed in polarity on 
each signal path at fixed periods. One conventional 
method of achieving this is to provide each signal path 
with signal processing means for polarity reversal and 
signal processing means for no reversal of polarity and 
switch between the two means in each signal path. 
Another method is to provide each signal path with one 
signal processing means capable of switching between 
reversed/non-reversed polarity, and switch the polarity 
of the signal processing means per se to thereby 
change over the polarity of the video signal. 

However, with the method of providing the signal 
processing means for reversal and non-reversal in the 
prior art described above, there are too many signal 
processing means. And with the method of providing 
the . signal processing means that can be switched 
between re/ersal/non-reversal and changing over the 
polarity of this signal processing means, it is necessary 
to adjust the amount of delay between reversal time and 
non-reversal time in each signal processing means. 

Further, methods of displaying a three-dimensional 
Image on a display unit have been proposed in the prior 
art According to one method, video signals represent- 
ing left- and right-eye Images of an object, in which the 
images differ by an amount corresponding to parallax 
between the two eyes of the observer, are fed into a dis- 
play unit such as CRT so as to alternate between the 
left eye image field and the right eye image field of the 
object The observer wears a device 6uch as glasses 
having a Gutter function. By opening and dosing the 
shutters in sync with the changeover between the video 
signals for the left and right eyes, the image for the left 
eye is sent to the left eye and the image for the right eye 
is sent to the right eye, whereby three-dimensional 



vision Is obtained. 

With this example of the prior art, however, a circuit 
is required for switching between the two video signals 
every field in order to obtain three-dimensional vision. In 
5 addition, the glasses having the shutter function must 
be worn and the shutter must be opened and closed in 
sync with the images. Furthermore, even if this 
approach is adopted, flicker is produced since the 
image seen by only one eye occurs every other field. ■ 

10 

SUMMARY OF T HE INVE NTI ON 

An object of the present invention is to provide 
means through which the number of signal processing . 

if means can be reduced as welt as the number of adjust- 
ments of delay time between reversal and non-reversal 
of video-signal polarity. 

Another object of the present invention is to provide 
a signal processing apparatus provided with two video- 

20 signal input terminals, two signal processing means and 
two display means one of which can be seen only by the 
right eye and the other of which can be seen only by the 
left eye, the video signal for the right eye is sent to the 
display means for the right eye and the video signal for 

25 the left eye is sent to the display means for the left eye, 
whereby a two-dimensional image or a three-dimen- 
sional image can be displayed without producing flicker. 

A further object of the present invention is to pro- 
vide a signal processing apparatus in which a pair of 

so parallax image signals for both eyes,, signals which are 
respective images having a wide angle of view in the 
horizontal direction and identical image signals are sent 
to first and second video-signal input terminals, 
whereby a three-dimensional image, a panoramic 

35 image and identical images, respectively, are obtained. 
Yet another object of the present invention is to pro- 
vide a signal processing apparatus having the minimum 
amount of circuitry, the apparatus being provided with 
means for synchronizing video signals which have 

40 entered from two video-signal input terminals, whereby 
two signal processing means may be consolidated as a 
single shared signal processing means and two drive 
circuits may be consolidated as a single shared drive 
circuit. 

*$ A further object of the invention is to provide a sig- 
nal processing apparatus In which video signals which 
have entered from two video-signal input terminals are 
selectively switched between video signals and dis- 
played on two display means in a first or second display 

so mode, whereby a two-dimensional image or a three- 
dimensional image is displayed without producing 
flicker, and in which the same two-dimensional image is 
displayed on the two display means in a third or fourth 
display mode. 

ss A further object of the present Invention is to pro- 
vide a 6ignal processing apparatus provided with two 
detecting means for detecting the absence or presence 
of video signals inputted from two video-signal input 
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means, In which switching between a two-dimensional 
image display and a three-dimensional image display is 
performed automatically depending upon whether or 
not video signals are being applied to the two video-sig- 
nal input terminals. ; 

Still another object of the present invention is to 
provide a signal processing apparatus in which, when a 
two-dimensional image is displayed in the third mode or 
fourth mode, consumed current. at the time of use is 
reduced by employing either of the two signal process- 
ing means. 

Still another object of the present invention is to 
provide a signal processing apparatus in which, in a 
case where video signals enter from two video-signal 
input terminals, video signals supplied to the left and 
right display means are switched between selectively, 
whereby it is possible to prevent the video signals from 
being supplied to the left-eye and right- eye display 
means erroneously and displayed on the wrong sides. 

According to the present invention, the foregoing 
objects are attained by providing a signal processing 
apparatus comprising reversing means for reversing 
polarity of a video signal, and mode selecting and exe- 
cuting means for alternately selecting and then execut- 
ing a first mode and a second mode at a prescribed time 
interval, wherein the first mode is for displaying a first 
video signal on first display means and inputting a sec- 
ond video signal to the reversing means to reverse the 
polarity of the second video signal and then display the 
second video signal on second display means, and the 
second mode is for inputting the first video signal to the 
reversing means to reverse the polarity of the first video 
signal and then display the first video signal on the first 
display means, and displaying the second video signal 
on the second display means. 

Further, according to the present invention, the 
foregoing objects are attained by providing a signal 
processing apparatus comprising first and second sig- 
nal processing means for respectively converting a first 
video signal and a second video signal into first and 
second converted video signals, of a prescribed format, 
capable of being displayed, first display means for dis- 
playing the first converted video signal at a position 
capable of being seen solely by an observer's right eye, 
and second display means for displaying the second 
converted video signal at a position capable of being 
seen solely by the observer's left eye. 

Other features and advantages of the present 
invention wiil be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designated the same 
or similar parts throughout the figures thereof. 

RfflFf DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpo- 
rated in and constituted part of the specification, illus- 
trate embodiments of the invention and, together with 



the description, serve to explain the principles of the 
invention. 

Fig. 1 is a btockdiagram illustrating the construction 

? of a signal processing apparatus according to a first 
embodiment of the present invention; 
Fig. 2 is a block diagram illustrating the construction 
of a signal processing apparatus according to a 
second embodiment of the present invention; 

70 Fig. 3 is a block diagram illustrating the construction 
of a signal processing apparatus according to a 
third embodiment of the present invention; * 
Fig. 4 is a btockdiagram illustrating the construction 
of a signal processing apparatus according to a 

15 fourth embodiment of the present invention; 

Fig. 5 is a btockdiagram illustrating the construction 
of a signal processing apparatus according to a fifth 
embodiment of the present invention; 
Fig. 6 is a block diagram illustrating the construction 

20 of a signal processing apparatus according to a 
sixth embodiment of the present invention; 
Fig. 7 Is a block diagram illustrating the construction 
of a signal processing apparatus according to a 
seventh embodiment of the present invention; 

25 Figs. 8a, 8b are diagrams for deserving states in 
which a three dimensional image and a panoramic 
image, respectively, are captured by two cameras; 
Figs. 9a through ?c are diagrams showing right-eye 
image video, left-eye image video and a three- 

30 dimensional fused image, respectively, of an object 
when display of a three-dimensional image is pre- 
sented; 

Figs. 10a through 10c are diagrams showing video 
and an oblong, two-dimensional fused image of 
35 objects when display of a panoramic image is pre- 
sented; 

Fig. 11 is a diagram showing the arrangement of 
the signal processing apparatus of this embodiment 
as seen from above; and 
40 Fig. 12 is a diagram showing the arrangement of 
the signal processing apparatus of this embodiment 
as seen from above. 

DESCRIPTION OF THE PREFERRED EMBODl- 
45 MENTS 



Preferred embodiments of the present invention will 
be described In detail in accordance with the accompa- 
nying drawings. 

(First Embodiment). 



so 



Fig. 1 is a block diagram showing the construction 
of a first embodiment of a signal processing apparatus 
55 according to the present invention. The apparatus 
includes a first signal source 1 for outpirtting a first video 
signal, a second signal source 2 for outputting a second 
video signal, a first display unit 3 for displaying the first 
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video signal from the first signal source 1 , a second dis- 
play unit 4 for displaying the second video signal from 
the second signal source 2, a first driver 5 for supplying 
the first display unit 3 with the first video signal, a sec- 
ond driver 6 for supplying the second display unit 4 with 
the second video signal, a reversing unit 7 for reversing 
the polarity of the video signal from the first source 1 or 
second signal source 2, a first selector 8 for selectively 
Inputting the video signal from the first source 1 or sec- 
ond signal source 2 to the reversing unit 7, a second 
selector 9 for selectively supplying the first driver 5 and 
the second driver 6 with the reversed video signal by the 
reversing unit 7, and a controller 10 for counting hori- 
zontal scanning signals of the signal sources 1 , 2 and 
controlling the operation of the first selector 8 and sec- 
ond selector 9. 

The operation of this embodiment will now be 
described. 

The first and second video signals are outputted by 
the first and second signal sources, 1, 2, respectively. 
The controller 10 counts the horizontal scanning signals 
of each of the video signals entering from the signal 
sources 1. 2. Upon discriminating an odd-numbered 
line, the controller 10 connects the first selector 8 to ter- 
minals b and p! so as to input the first video signal to the 
reversing unit 7. At this time the second video signal is 
not fed into the reversing unit 7 but is applied directly to 
the second selector 9. The first video signal which has 
entered the reversing unit 7 has its polarity reversed and . 
is then outputted to the second selector 9. Next, the 
second selector 9 is connected to terminals { and h so 
that the first video signal of reversed polarity is applied 
to the first driver 5 and the second video signal is 
applied to the second driver 6, whence the first and sec- 
ond video signals are supplied to the first and second 
display units 3, 4, respectively. 

Upon discriminating an even-numbered line when 
counting the horizontal scanning lines, the controller 10 
connects the first selector 8 to terminals a and £ so as 
to input the second video signal to the reversing unit 7. 
At this time the first video signal Is not fed into the 
reversing unit 7 but is applied directly to the second 
selector 9. The second video signal which has entered 
the reversing unit 7 has its polarity reversed and is then 
outputted to the second selector 9. Next, the 6econd 
selector 9 Is connected to terminals £ and g so that the 
first video signal is applied to the first driver 5 and the 
second video signal of reversed polarity is applied to the 
second driver 6, whence the first and second video sig- 
nals are supplied to the first and second display units 3, 
4, respectively, rt should be noted that rf the first and 
second signal sources 1, 2 are not in synchronism with 
each other when the controller 10 counts the horizontal 
scanning s'ynals, the controller 10 applies feedback to 
the first and second signal sources to synchronize 
them. -. 

By thus changing over the signal applied to the 
reversing unit 7 line by line, the single reversing unit 7 



can be shared by the two signal paths. 

Further, a method may be adopted in which the 
changeover of the video signal applied to the reversing 
unit 7 is performed not every line but every several lines. 

s randomly in line units, every pixel or randomly every 
pixel, rt is permissible to adopt an arrangement in which, 
regardless of the method, the controller 10 counts the 
number of lines (number of pixels) in which signal 
reversal has been performed and makes the percent- 

10 age of the number of tines (number of pixels) in which 
signal reversal has taken place and the percentage of 
the number of lines (number of pixels) in which signal 
reversal has not taken place the same on a per-screen 
basis. Further, if polarity reversal Is performed pixel by 

rs pixel, the percentage of the number of pixels in which 
reversal has taken place and the percentage of the 
number of pixels in which signal reversal has not taken 
place should be made the same on a per-line basis. 
Further, an arrangement may be adopted in which one 

20 screen is partitioned into a plurality of blocks and the 
number of pixels in which reversal has taken place and 
the number of pixels in which signal reversal has not 
taken place are made the same in percentage on a per- 
block basis. 

25 

(Second Embodiment) 

Fig. 2 is a block diagram showing the construction 
of a second embodiment of a signal processing appara- 

30 tus according to the present Invention. Numerals 1 
through 7 and humeral 10 denote components identical 
with (corresponding to) components in the first embodi- 
ment; these components need not be described again. 
The characterizing feature of the second embodiment is 

35 the provision of first and second delay units 11, 12 for 
subjecting the video signals to a delay time equivalent to 
the delay imposed by operation of the reversing unit 7. 
The first delay unit 1 1 is provided between the terminals 
a. e of the first and second selectors 8, 9. respectively, 

40 and the second delay unit 12 is provided between the 
terminals d, h of the first and second selectors 8, 9, 
respectively. The first selector 8 selectively applies the 
video signal from the first signal source 1 to the revers- 
ing unit 7 or the delay unit 1 1 and selectively applies the 

45 video signal from the second signal source 2 to the 
reversing unit 7 or the delay unit 12. The second selec- 
tor 9 supplies either the video signal reversed in polarity 
by the reversing unit 7 or the video signal delayed by the 
delay unit 11 to the driver 5, and supplies either the 

so video signal reversed in polarity by the reversing unit 7 
or the video signal delayed by the delay unit 12 to the 
driver 6. 

In operation, the first and second video signals are 
outputted by the first and second signal soirees, 1, 2, 
55 respectively. The controller 10 counts the horizontal 
scanning signals of each of the video signals entering 
from the signal sources 1, 2. Upon disaiminating an 
odd-numbered line, the controller 10 connects the first 
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selector 8 to terminals b and d so as to input the first 
video signal to the reversing unit 7. At this time the sec- 
ond video signal is not fed into the reversing unit 7 but is 
applied to the delay unit 12. The first video signal which 
has entered the reversing unit 7 has its polarity reversed s 
and is then ouiputted to the second selector 9. The sec- 
ond video signal which has entered the delay unit 12 is 
delayed by a period of time identical to that required by 
the operation of the reversing unit 7. The delayed video 
signal is then delivered to the second selector 9. Next, w 
the second selector 9 is connected to terminals f and h 
so that the first video signal of reversed polarity is 
applied to the first driver 5 and the second video signal 
is applied to the second driver 6, whence the first and 
second video signals are supplied to the first and sec- 15 
ond display un'rts 3, 4, respectively. 

Upon discriminating an even-numbered line when 
counting the horizontal scanning lines, the controller 10 
connects the first selector 8 to terminals 3 and c so as 
to input the second video signal to the reversing unit 7. 20 
At this time the first video signal is not fed into the 
reversing unit 7 but is applied to the delay unit 1 1. The 
second video signal which has entered the reversing 
unit 7 has its polarity reversed and is then outputted to 
the second selector 9. The first video signal which has 25 
entered the delay unit 11 is delayed by a period of time 
identical to that required by the operation of the revers- 
ing unit 7. The delayed video signal is then delivered to 
the second selector 9. Next, the 6econd selector 9 is 
connected to terminals s and g so that the first video 30 
signal is applied to the first driver .5 and the second 7 
video signal of reversed polarity is applied to the second 
driver 6, whence the first and second video signals are 
supplied to the first and second display units 3, 4. 
respectively. H should be noted that if the first and sec- 35 
ond signal sources 1, 2 are not in synchronism with 
each other when the controller 10 counts the horizontal 
scanning signals, the controller 10 applies feedback to 
the first and second signal sources to synchronize 
them. 40 

By thus changing over the signal applied to the 
reversing unit 7 line by line, the single reversing unit 7 
can be shared by the two signal paths. 

Further, a method may be adopted in which the 
changeover of the video signal applied to the reversing 45 
unit 7 is performed not every line but every several lines, 
randomly , in line units, every pixel or randomly in pixel 
units, tt is permissible to adopt an arrangement in 
which, regardless of the method, the controller 10 
counts the number of lines (number of pixels) in which so 
signal reversal has been performed and makes the per- 
centage of the number of lines (number of pixels) in 
which signal reversal has taken place and the percent- 
age of Or a number of lines (number of pixels) in which 
signal reversal has not taken place the same on a per- bs 
screen basis. Further, if polarity reversal is performed 
pixel by pixel, the percentage of the number of pixels in 
which reversal has taken place and the percentage of 



the number of pixels In which signal reversal has not 
taken place should be made the same on a per-Gne 
basis. Further, an arrangement may be adopted in 
which one screen is partitioned into a plurality of blocks 
and the number of pixels in which reversal has taken 
place and the number of pixels in which signal reversal 
has not taken place are made the same in percentage 
on a per-block basis. 

(Third Embodiment) 

Fig. 3 is a block diagram showing the construction 
of a third embodiment of a signal processing apparatus 
according to the present invention. Numerals 1 through 
7 denote components identical with (corresponding to) 
components in the first embodiment; these components 
need not be described again. A first selector 8A is for 
selectively inputting the video signal from the first signal 
source 1 to the reversing unit 7 and delay unit 1 1 and for 
selectively inputting the video signal from the second 
signal source 2 to the reversing unit 7 and delay unit 1 1 . 
A second selector 9A Is for selectively supplying the 
video signal reversed in polarity by the reversing unit 7 
to the drivers 5 and 6, and for selectively supplying the 
video signal delayed by the delay unit 11 to the drivers 5 
and 6. A controller 10A is for counting horizontal scan- 
ning signals of the signal sources 1, 2 and controlling 
the operation of the first selector 8A and second selec- 
tor 9A. The delay unit 1 1 subjects the video signals to a 
delay time equivalent to the delay Imposed by operation 
of the reversing unit 7. 

In operation, the first arid second video signals are 
outputted by the first and second signal sources, 1, 2, 
respectively. The controller 10A counts the horizontal 
scanning signals of each of the video signals entering 
from the signal sources 1, 2. Upon discriminating an 
odd-numbered line, the controller 10A connects the first 
selector 8 A to terminals b and c so as to Input the first 
video signal to the reversing unit 7 and the second video 
signal to the delay unit 1 1. The first video signal which 
has entered the reversing unit 7 has its polarity reversed 
and is then ouiputted to the second selector 9A The 
second video signal which has entered the delay un'rt 1 1 
is delayed by a period of time identical to that required 
by the operation of the reversing unit 7. The delayed 
video signal is then delivered to the second selector 9A. 
Next, the second selector 9A is connected to terminals ] 
and h so that the first video signal of reversed polarity is 
applied to the first driver 5 and the delayed second 
video signal is applied to the second driver 6, whence 
the first and second video signals are supplied to the 
first and second display units 3, 4, respectively. 

Upon discriminating an even-numbered line when 
counting the horizontal scanning lines, the controller 
10A connects the first selector 8A to terminals a and d 
so as to input the second video signal to the reversing 
unit 7 and input the first video to the delay unit 1 1 . In the 
same manner as when the odd-numbered line is dis- 
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criminated, the second video signal which has entered 
the reversing unit 7 is reversed in polarity and then 
delivered to the second selector 9A. The first video sig- 
nal inputted to the delay unit 1 1 is delayed by a period of 
time identical to that required for the reversing unit 7 to 5 
operate, and the delayed video signal is then delivered 
to the second selector 9A. Next, the second selector 9A 
is connected to terminals L i so that the delayed first 
video signal enters the first driver 5 and the second 
video signal reversed in polarity enters the second 10 
driver 6, whence the first and second video signals are 
supplied to the first and second display units 3, 4, 
respectively, tt should be noted that tf the first and sec- 
ond signal sources 1, 2 are not in synchronism with 
each other when the controller 10A counts the horizon- 75 
tal scanning signals, the controller 10A applies feed- 
back to the first and second signal sources to 
synchronize them. 

By thus switching the destinations of the first and 
second video signals between the reversing unit 7 and 
the delay unit 1 1 line by line, the single reversing unit 7 
and the delay unit 1 1 can each be shared by the two sig- 
nal paths. 

Further, a method may be adopted in which the 
changeover of the video signal applied to the reversing 
unit 7 is performed not every One but every several lines, 
randomly in line units, every pixel or randomly in pixel 
units, tt is permissible to adopt an arrangement in 
which, regardless of the method, the controller 10A 
counts the number of lines (number of pixels) in which 
signal reversal has been performed and makes the per- 
centage of the number of lines (number of pixels) in 
which signal reversal has taken place and the percent- 
age of the number of lines (number of pixels) in which 
signal reversal has not taken place the same on a per- 
screen basis. Further, if polarity reversal is performed 
pixel by pixel, the percentage of the number of pixels in 
which reversal has taken place and the percentage of 
the number of pixels in which signal reversal has not 
taken place should be made the same on a per-Iine 
basis. Further, an arrangement may be adopted in 
which one screen is partitioned into a plurality of blocks 
and the number of pixels in which reversal has taken 
place and of the number of pixels in which signal 
reversal has not taken place are made the same in per- 
centage on a per-block basis. 

Thus, in accordance with the embodiments 
described above, one reversing unit can be shared by 
two signal paths by switching between signals, which 
are applied to the reversing unit, every line. Further, one 
reversing unit and one delay unit can be shared by two 
signal lines by switching destinations of the first and 
second video signals between the reversing unit 7 and 
the delay ; nit 11 every line. This makes It possible to 
simplify the apparatus by reducing the number of signal 
processors or the number of delays which are applied at 
the time of reversal/non-reversal. 



(Fourth Embodiment) 

A fourth embodiment of the present invention will 
now be described in detail with reference to drawings. 

Fig. 4 is a block diagram illustrating the construction 
of a signal processing apparatus according to a fourth 
embodiment of the present invention. The apparatus 
has input terminals 1R, 1L for video signals, switch cir- 
cuits 2R, 2L for switching between the input signals, Y/C 
separating circuits 3R, 3L for separating a video signal 
into a luminance signal (Y signal) and a color signal (C 
signal), decoders 4R. 4L each for producing signals 
indicative of the three primary colors R, G, B from the Y 
and C signals, signal processing circuits 5R, 5L for exe- 
cuting processing needed to display the R, G, B signals 
on respective display units 6R, 6L such as CRTs or 
LCDs, synchronous separating circuits 7R, 7L for sepa- 
rating synchronizing signals from the video signal, PLL 
circuits 8R, 8L, driver circuits 9R, 9L for driving the 
respective display units and other circuits, a control 
panel 110 for switching between input signals, and a 
control circuit 111 for controlling the switch circuits 2R, 
2L on the basis of a signal from the control panel 110. 

The operation of the fourth embodiment of the 
present invention will now be described with reference 
to Fig. 4. First, a case will be described in which the 
switch circuits 2R, 2L are each connected to a side a. 

The video signal which has entered from the video- 
signal input terminal 1 R is applied to the Y/C separating 
circuit 3R and synchronous separating circuit 7R 
through the switch circuit 2R. and the video signal is 
separated into the Y and C signals by the Y/C separat- 
ing circuit 3R. The Y and C signals are applied to the 
decoder 4R, which produces signals of the three pri- 
mary colors R, G, B from the Y and C signals. The R, G, 
B signals are processed by the signal processing circuit 
5R in order to be displayed on the display unit 6R, and 
the processed signals are then supplied to the display 
unit 6R. Further, the synchronous separating circuit 7R 
separates a synchronizing signal from the video signal 
applied thereto and applies the synchronizing signal to 
the PLL circuit 8R, whereby a phase-locked loop is 
formed to control the driving frequency of the drive cir- 
cuit 9R. The latter outputs drive pulses for driving the 
circuits 3R, 4R, 5R and pulses for driving the display 
unit 6R. The components whose reference numerals 
are accompanied by the "R" character operate in the 
same manner as the corresponding components 
described above. 
so The display unit 6R is placed at a location where it 
can be observed solely by the right eye of the observer, 
and the display unit 6L is placed at a location where it 
can be observed solely by the left eye of the observer. 
The video signal entering from the video-signal input 
55 terminal 1 R is displayed on the display unit 6R, and the 
video signal entering from the video-signal input termi- 
nal 1L is displayed on the display unit 6L This arrange- 
ment shall be referred to as a first display mode. 
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Further, when the switch circuits 2R, 2L have both been 
connected to the fe side, the video signal from the video- 
signal input terminal 1 R is displayed on the display unit 
6L and the video signal from the video-signal input ter- 
minal 1L is displayed on the display unit 6R. This shall s 
be referred to as the second display mode. In the first 
and second display modes, two cameras are placed as 
shown in Fig. 8a, for example, and video signals of right- 
and left-eye Images of an object are obtained from the 
two cameras, with the video signals differing by an ;o 
amount corresponding to the parallax between the two 
eyes of the observer, as shown in Figs. 9a and 9b. 
These video signals enter from the video-signal input 
terminals 1R, 1L, respectively, as a result of which the 
video signals are displayed on the display units 6R, 6L, 15 
respectively. By fusing these two video signals, a three- 
dimensional image can be displayed, as illustrated in 
Fig. 9c. 

In the first and second display modes, two cameras 
are placed as shown in Fig. 8b, and video signals 20 
obtained from the two cameras as shown in Figs. 10a, 
10b are inputted from the video-signal input terminals 
1R, 1L As a result, the video signals are displayed on 
the display units 6R, 6L, respectively. By fusing these 
two video signals, the two images are combined as illus- 25 
trated in Fig. 10c. This makes it possible to display an 
oblong (panoramic) two-dimensional image in which the 
aspect ratios of the display units differ. 

Figs. 1 1 and 12 are diagrams showing the arrange- 
ment of the apparatuses seen from above. Since the 30 
arrangement is symmetrical, only the reference numer- 
als necessary are indicated. Here numerals are shown 
for the right side only and are followed by the character 
"R\ 

As shown in Figs. 11 and 12, numeral 51 R denotes 35 
an optical element for forming an imaginary image. The 
optical element 51 R functions to deflect light flux from 
the display unit 6R in the direction of the wearer's pupil 
so as to form the image, which is being displayed on the 
display unit, as an imaginary image in front of the pupil. 40 
A relay optical system 52R is inserted to correct for 
aberration, which could not be sufficiently corrected 
solely by the optical element 51 R, and to form an inter- 
mediate image of an object plane (i.e., an image output- 
ted by the display unit 6R). An actuator 53R is for 45 
moving the display unit of the optical element 51 R which 
forms the imaginary image. The actuator 53R is control- 
led by a drive circuit 54 R, and the amount of control of 
the actuator 53R is adjusted by a control adjuster 55R. 
Numeral 56 denotes the imaginary image of the dis- so 
played image. 

In the case where a three-dimensional image is to 
be displayed in this embodiment, the right-eye imagi- 
nary Irrage and the left-eye imaginary image are made 
to coincide, as shown in Rg. 11. If a panoramic image is ss 
to be displayed, the positions of the display units 6 are 
moved so as to overlap part of the right-eye imaginary 
image and part of the left-eye Imaginary image, as illus- 



trated in Fig. 12. As a result, the two Imaginary Images 
for the left and right sides can be fused more easily. 

When the switch circuit 2R has been connected to 
the side a and the switch circuit 2L has been connected 
to the side b, the video signal from the video-signal input 
terminal 1 R is displayed on both of the display units 6R, 
6L This shall be referred to as a third display mode. 
When the switch circuit 2R has been connected to the 
side b and the switch circuit 2L has been connected to 
the side & the video signal from the video-signal input 
terminal 1 L is displayed on both of the display units 6R, 
6L This shall be referred to as a fourth display mode. 
Accordingly, in the third and fourth display modes, the 
same image Is displayed on both the left and right dis- 
play units. This makes it possible to display a two- 
dimensional image. 

It goes without saying that the left and right imagi- 
nary images should be made to coincide as shown in 
Fig. 1 1 in the third and fourth display modes. 

Any of the four modes is selected by the observer 
using the control panel 1 10 in Rg. 4. On the basis of a 
signal from the control panel 110, the switch circuits 2R, 
2L are placed in the prescribed states by the control cir- 
cuit 111, thereby changing over the display mode. 

Thus, it is possible to construct a display apparatus 
in which two- and three-dimensional images can be dis- 
played and switched between with ease. 

Rg. 5 is a block diagram illustrating a signal 
processing apparatus according to a fifth embodiment 
of the present Invention. Components Identical with 
those shown in Rg. 4 are designated by like reference 
characters. This embodiment further includes detecting 
circuits 20R, 20L for detecting the absence or presence 
of video signals from the video-signal input terminals 
1R, 1L. 

The operation of the fifth embodiment of the inven- 
tion will now be described with reference to Rg. 5. 
When both detecting circuits 20R, 20L detect input of 
the video signals from the video-signal input terminals 
1 R, 1 L, the control circuit 1 1 1 controls in such a manner 
that the switch circuits 2R ( 2L are placed in the first or 
second display mode. Operation of the circuits in back 
of the switch circuits 2R, 2L is the same as in the fourth 
embodiment When the first display mode has been 
established, the video signal from the video-signal input 
terminal 1 R Is displayed on the display unit 6R and the 
video-signal input terminal 1L is displayed on the dis- 
play unit 6L When the second display mode has been 
established, the video signal from the video-signal input 
terminal 1 R is displayed on the display unit 6L and the 
video-signal Input terminal 1L is displayed on the dis- 
play unit 6R. 

When the detecting circuit 20L detects that the 
video signal is not entering from the video-signal input 
terminal 1U the control circuit 111 controls so as to 
place the switch circuits 2R ( 2L in the third display 
mode. When the detecting circuit 20R detects that the 
video signal is not entering from the video-signal input 
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terminal 1 R, the control circuit 111 controls so as to 
place the switch circuits 2R, 2L in the fourth display 
mode. In the third display mode, the video input signal 
from the video-signal input terminal 1 R is displayed on 
both of the display units 6R, 6L In the fourth display 
mode, the video input signal from the video-signal input 
terminal 1L is displayed on both of the display units 6R, 
6L 

By adopting this arrangement, effects similar to 
those of the fourth embodiment are obtained, In addi- 
tion, when a video signal is entering from each of the 
two video-signal input terminals, the respective images 
are displayed on the two display units. When an input 
signal is being applied only to one of the two video-sig- 
nal input terminals, this video signal can be displayed 
on both of the display units. As a result, it is possible to 
switch automatically between display of a two-dimen- 
sional image and display of a three-dimensional image 
in dependence upon the input signal. 

Furthermore, a sixth embodiment of the present 
invention is an improvement upon the fourth and fifth 
embodiments. The sixth embodiment Is so adapted that 
when video signals enter both of the video-signal input 
terminals 1R, 1L and the first or second display mode 
has been selected in the fourth and fifth embodiments, 
it is possible to switch from the first display mode to the 
second display mode or from the second display mode 
to the first display mode under the control of the control 
circuit 1 1 1 by operating the control panel 110. 

By adopting this arrangement, the effects of the 
fourth and fifth embodiments are obtained. In addition, 
in a case where video signals to be applied in order to 
display a three-dimensional image mistakenly enter the 
wrong video-signal input terminals 1R, 1L so that the 
three-dimensional display Is not presented correctly, the 
display mode can be changed over. As a result, it is pos- 
sible to present a correct display and to prevent errone- 
ous operation. 

Fig. 6 is a block diagram illustrating a signal 
processing apparatus according to a seventh embodi- 
ment of the present invention. Components identical 
with those shown in Figs. 4 and 5 are designated by like 
reference characters. This embodiment further includes 
switch circuits 30R, 30L for selecting the video signals, 
which enter the display units 6R, 6L, from the outputs of 
the signal processing circuits 5R, 5L 

The operation of the seventh embodiment of the 
invention will now be described with reference to Fig. 6. 
When both detecting circuits 20R, 20L detect input of 
the video signals from the video-signal input terminals 
1 R, 1 L, the switch circuits 2R, 2L are both connected to 
their a side or h side and the switch circuits 30R, 30L 
are connected to their & side by the control circuit 111, 
whereby tr u first a second display mode is established. 
The operation of each signal processing circuit at this 
time Is the same as in the above-mentioned embodi- 
ments. When an input signal from the video-signal input 
terminal 1 L is not detected by the detecting circuit 20L, 



the control circuit 1 1 1 controls In such a manner that the 
switch circuits 2R, 2L are both connected to their a side, 
the switch circuit 30R is connected to its a side and the 
switch circuit 30L is connected to its £ side, and the third 

5 display mode is established in which the video signal 
from the video-signal input terminal 1R is displayed on 
both of the display units 6R, 6L through the signal 
processing route composed of the circuits 3R. 4R, 5R, 
7R, 8R and 9R. When both detecting circuits 20R, 20L 

w detect input of the video signals from the video-signal 
. input terminals 1R, 1U the switch circuits 2R, 2L are 
both connected to their a side or & side and the switch 
circuits 30R, 30L are connected to their a side by the 
control circuit 111, whereby the first or second display 

is mode is established. The operation of each signal 
processing circuit at this time is the same as in the 
above-mentioned embodiments. When an input signal 
from the video-signal input terminal 1 R is not detected 
by the detecting circuit 20R, the control circuit 1 1 1 con- 

20 trols in such a manner that the switch circuits 2R, 2L are 
both connected to their a side, the switch circuit 30R is 
connected to its side and the switch circuit 30L is con- 
nected to its a side, and the fourth display mode is 
established in which the video signal from the video-sig- 

25 nal input terminal 1L is displayed on both of the display 
units 6R, 6L through the signal processing route com- 
posed of the circuits 3L. 4L, 5L, 7L, 8L and 9L. 

By adopting this arrangement, effects similar to 
those of the above-mentioned embodiments are 

$o obtained. In addition, when the third or fourth display 
mode is in effect, a display is presented on both of the 
display units by using one of the two signal processing 
routes. As a result, an additional effect obtained is that 
less current is consumed in comparison with the forego- 
as ing embodiments. 

It goes without saying that if the video signals which 
enter from the first and second video-signal input termi- 
nals are synchronized, there need be only one synchro- 
nous separating circuit one PLL circuit and one drive 

40 circuit. 

Fig. 7 is a block diagram illustrating a signal 
processing apparatus according to an eighth embodi- 
ment of the present invention. Components identical 
with those shown in Figs. 4, 5 and 6 are designated by 

45 like reference characters. This embodiment Includes 
A/D converting circuits 41 R, 41 L, memories 42R, 42L, 
D/A converting circuits 43R. 43L, a comparator circuit 
44 for comparing two synchronizing signals, a switch 
circuit 45 for switching between synchronizing signals, 

so write-pulse generating circuits 46R. 46L which generate 
write pulses for writing data in the memories 42R, 42L, 
respectively, and read-pulse generating circuits 47R, 
47L which generate read pulses for reading data out of 
the memories 42R, 42L, respectively. 

65 The operation of the eighth embodiment of the 
invention will now be described with reference to Fig. 7. 
When both detecting circuits 20R, 20L detect input of 
the video signals from both of the video-signal input ter- 
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mlnals 1R, 1L, the switch circuits 2R, 2L are connected 
to their a side by the control circuit 111. the video sig- 
nals enter respective ones of the A/D converting circuits 
41 R, 41 L and synchronous separating circuits 7R ( 7L, 
these signals are converted from analog video signals 
to digital video signals by the A/D converting circuits 
41 R, 41 L and synchronizing signals are separated from 
them by the synchronous separating circuits 7R, 7L 
The synchronizing signals outputted by the synchro- 
nous separating circuits 7R. 7L enter the respective 
write-pulse generating circuits 46R, 46L, which gener- 
ate write pulses synchronized to these entering syn- 
chronizing signals. The outputs of the A/D converting 
circuits 41 R, 41 L are written in the memories 42R, 42L, 
respectively, at the timing of these pulses. The synchro- 
nizing signals outputted by the synchronous separating 
circuits 7R. 7L further enter the comparator circuit 44. 
which compares the phases of the two synchronizing 
signals. H the synchronizing signal produced by the syn- 
chronous separating circuit 7R is late, the switch circuit 
45 is connected to the R side to supply the signal to the 
PLL circuit 8. If the synchronizing signal produced by 
the synchronous separating circuit 7L is late, the switch 
circuit 45 is connected to the L side to supply the signal 
to the PLL circuit 8. The synchronizing signal fed into 
the PLL circuit 8 forms a phase-locked loop to control 
the driving frequency of the drive circuit 9. The output of 
the drive circuit 9 enters the read-pulse generating cir- 
cuits 47R, 47L t which generate read pulses synchro- 
nized to this signal. Video signals that have been stored 
in the memories 42 R. 42L are read out of these memo- 
ries at the timing of these pulses and the read signals 
are converted from digital to analog signals by the 
respective D/A converting circuits 43R. 43L Thereafter, 
the signals are separated into Y and C signals by the 
respective Y/C separating circuits 3R, 3L, and the 
decoders 4R, 4L each convert these inputs into signals 
of the three primary colors R, G, B. The R, G, 8 signals 
are subjected to prescribed processing by each of the 
signal processing circuits 5R, 5L in order that they can 
be displayed on the display units, and the processed 
signals are then supplied to the display units 6R, 6L. 
This is the first display mode, in which the video signal 
which has entered from the video-signal input terminal 
1 R is displayed on the display unit 6R and the video sig- 
nal which has entered from the video-signal input termi- 
nal 1 L is displayed oh the display unit 6L 

In the case of the second display mode, the switch 
circuits 2R, 2L are both connected to their b side, 
whereby the video signal which has entered from the 
video-signal input terminal 1R is displayed on the dis- 
play unit 6L and the video signal which has entered from 
the video-signal input terminal 1L is displayed on the 
display unit 6R. The operation of the circuitry between 
these switch circuits and the display units Is the same as 
in the first display, mdde. 

In the third display mode, the switch circuit 2R is 
connected to the a side and the switch circuit 2L is con- 



nected to the k side, whereby the video signal which 
has entered from the video-signal input terminal 1 R is 
displayed on both of the display units 6R, 6L In the 
fourth display mode, the switch circuit 2R is connected 

5 to the k side and the switch circuit 2L is connected to the 
a side, whereby the video signal which has entered from 
the video-signal input terminal 1 L is displayed on both of 
the display units 6R; 6L 

By virtue of this arrangement, effects similar to 

io those of . the above-mentioned embodiments are . 
obtained. In addition, since the video signals displayed 
on the display units can be synchronized, only one drive 
circuit for driving the display units and the other circuits 
of the signal processing circuitry need be provided. 

is In the embodiments set forth above, cases have 
been described in which VIDEO signals are inputted as 
the video signals. However, it goes without saying that 
the invention is not limited to VIDEO signals; the inputs 
can be a Y/C input (S input) or R, G, B, SYNC inputs. 

20 In accordance with the fourth to eighth embodi- 
ments as described above, two video-signal input termi- 
nals, two signal processors and two display units, one of 
which can be seen only by the left eye and the other of 
which can be seen only by the left eye, are provided. 

25 The video signal for the right eye Is sent to the disptay 
unit for the right eye and the video signal for the left eye 
is sent to the display unit for the left eye. A two- or three- 
dimensional image can be displayed without producing 
flicker. 

30 Further, if means are provided for synchronizing the 
video signals which have entered from the two video- 
signal input terminals in the fourth through eighth 
embodiments, two signal processors can be replaced 
by one shared signal processor and two drive circuits for 

35 driving the two display units can be replaced by one 
shared drive circuit 

Further, in the fourth through eighth embodiments, 
video signals which have entered from two video-signal 
input terminals are selectively switched between and 

40 displayed on two display units in a first or second display 
mode, whereby a two- or a three-dimensional image is 
displayed without producing flicker. The same two- 
dimensional image can be displayed on the two display 
units in a third or fourth display moda 

45 Further, in the fourth through eighth embodiments, 
two detecting units are provided for detecting the 
absence or presence of video signals inputted from two 
video-signal input means. Switching between a two- 
dimensional image display and a three-dimensional 

so image display can be performed automatically depend- 
ing upon whether or not video signals are being applied 
to the two video-signal input terminals. 

Further, in the fourth through eighth embodiments, 
when a two-dimensional Image Is displayed In the third 

55 mode or fourth mode, consumed current at the time of 
use can be reduced by employing either of the two sig- 
nal processing units. 

Further, In the fourth through eighth embodiments, 
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In a case where video signals enter from two video-sig- 
nal input terminals, video signals supplied to the left and 
right display units are switched between selectively, 
whereby it is possible to prevent the video signals from 
being supplied to the left and right display units errone- 5 
ously and displayed on the wrong sides. 

As many apparently widely different embodiments 
of the present invention can be made without departing 
from the spirit and scope thereof, it is to be understood 
that the invention is not limited to the. specific embodi- jo 
merits thereof except as defined in the appended 
claims. 

A signal processing apparatus is provided with 
processing units capable of reducing the number of sig- 
nal processing means and the number of adjustments is 
of a delay time between reversal and non-reversal of 
video-signal polarity in each of two signal paths in an 
arrangement in which two liquid-crystal displays (LCDs) 
are provided in a head-mounted display worn by an 
observer and each of the two displays is used to display 20 
video information viewed by the observer. The 6ignal 2. 
processing apparatus includes first and second signal 
sources (1 and 2) each of which generates a video sig- 
nal, reversing unit 7 for reversing the polarity of one of 
the two video signals, first selector selectively supplying 25 3. 
one of the video signals to the reversing unit, first and 
second display units (3 and 4) for converting the video 
signals to respective ones of optical signals, and sec- 
ond selector for selectively supplying a video signal 
whose polarity is or Is not reversed by the reversing unit 30 4. 
to the f irst and second display units. 

Claims 

5. 

1 . A signal processing apparatus comprising: 35 

first and second signal processing means (5R, 
5L) for respectively converting a first video sig- 
nal and a second video signal into first and sec- 
ond converted video signals capable of being 40 
displayed; 

first display means (6R) for displaying the first 
converted video signal at a position capable of 
being seen solely by an observers right eye; 
and ,45 
second display means (6L) for displaying the 6 
second converted video signal at a position 
capable of being seen solely by the observer's 
left eye, 

characterized by so 
first switching means (2R) for selectively sup- 
plying the first video signal via said first and/or 
second signal processing means to said first or 
s -oond signal display means; 
second switching means (2L) for selectively ss 
supplying the second video signal via said first 
and/or second signal processing means to said 
first or second signal display means; and 



control means (110, 111) for controlling said 
first and second switching means so as to be 
switched to any of at least two modes of four 
modes, said four modes being: 

a first display mode for displaying the first 
converted video signal on said first display 
means and the second converted video 
signal on said second display means; 
a second display mode for displaying the 
first converted video signal on said second 
display means and the second converted 
video signal on said first display means; 
a third display mode for displaying the first 
converted video signal on said first and 
second display means; and 
a fourth display mode for displaying the 
second converted video signal on said first 
and second display means. 

The apparatus according to claim 1 , wherein the 

first and second video signals are a pair of 
parallax image signals. 

The apparatus according to claim 1, wherein the 
first and second video signals are each image sig- 
nals having a wide angle of view in the horizontal 
direction. 

The apparatus according to claim 1, wherein the 
first and second video signals are identical image 
signals. 

The apparatus according to claim 1, wherein each 
of said first and second display means (6R, 6L) has 
an optical system which includes an optical element 
(51 R, 51 L) for forming an image, which is being dis- 
played on the respective display means, as an 
imaginary image in front of the corresponding pupil 
of an observer's eye, and imaginary-image moving 
means (53R, 53L, 54R, 54L) for moving at least 
one of the imaginary images horizontally, by moving 
the display unit of the optical element which forms 
the imaginary image. 

The apparatus according to claim 1, further com- 
prising: 

first detecting means (20R) for detecting 
absence or presence of the first video signal; 
and 

second detecting means (20L) for detecting 
absence or presence of the second video sig- 
nal; 

the first or second display mode being switched 
to when both video signals have been detected 
by said first and second detecting means; 
the fourth display mode being switched to when 
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the video signal Is not detected by said first 
detecting means; and 

the third display mode being switched to when 
the video signal is not detected by said second 
detecting means. s 

7. The apparatus according to claim 1, wherein only 
one of the first and second signal processing 
means (5R, 5L) is used in the third or fourth display 
mode. io 

8. The apparatus according to claim 1 , wherein when 
the first display mode or second display mode is in 
effect, the first display mode and the second display 
mode can be changed over. 15 
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FIG. 9a FIG. 9b 
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